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INDUCTIVE HEATING DEVICE INCLUDING AN INDUCTIVE COUPLING 

ASSEMBLY 

Technical Field 

The present invention generally relates to inductive heating devices, and in 
particular, the present invention relates to an inductive heating device having an inductive 
coupling assembly and a method of heating a target substrate. 

Background of the Invention 

Induction heaters are employed as one way of heating a work piece in a thermally 
rapid manner. For example, in the automotive industry, induction heaters are employed to 
accelerate the curing of thermally responsive bonding materials positioned between 
assembly components (work pieces). In particular, one useful induction heater is a "spot 
welder" where a heated work surface delivers heat to a small area (i.e., a spot). Another 
useful induction heater is a "pancake heater" capable of inductively heating a large, often 
circular, area. Because induction heaters experience little resistive heating losses, 
induction heaters are more efficient than resistively heated elements. As a result, 
induction heating devices provide a rapid thermal response, which is particularly desirable 
for high production-rate assembly lines. 

However, the known induction heating devices have a heating surface that is 
attached to a power supply via a "hardwired" cable. For example, the prior art induction 
heating devices have a power supply having a primary coil, and a secondary coil separated 
from the primary coil, usually positioned near a heating surface. A cable having an 
inductor core spans between the primary coil and the secondary coil. In this regard, the 
cable is electrically and permanently hardwired between the primary coil and the 
secondary coil. 

During use, a high frequency alternating current (A/C) is delivered from the power 
supply to the primary coil creating a magnetic field about the primary coil. The magnetic 
field is transferred along the inductor core to the secondary coil, which is connected to the 
work surface. The presence of the magnetic field induces a voltage in the secondary coil 
and work surface. As a result, any change in the high frequency A/C delivered to the 
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primary coil affects the current and the voltage in the secondary coil via a property known 
as mutual inductance. This mutual inductance, as typically employed in electrical 
transformers, relies upon ferromagnetic properties of the iron inductor core to efficiently 
raise or lower the AJC voltages and currents in the secondary coil. The hardwired 
5 connection between the power supply and the work surface via the cable, while effective, 
limits the usefulness of the induction heating device. For example, as the work surface 
becomes worn with use, a complete system of power supply, primary and secondary coils, 
cable, and inductor core must be replaced, even though the other components may not be 
worn. 

10 In addition to the limited utility of hardwired cables, the inductor core can be a 

source of power loss. The typical inductor core is cylindrical in shape and is characterized 
by magnetic field losses through the surface area of the core. As a result, a portion of the 
magnetic field is naturally lost to free space around the inductor core. This portion of the 
magnetic field that is lost from the inductor core has the potential to induce undesirable 

1 5 currents in metal objects, which can be a concern for health and safety. 

The prior art induction heaters rely upon the hardwiring of the cable between the 
power supply and the work surface. This necessitates replacing complete systems when 
one component becomes worn reduces the efficiency of fast and flexible assembly lines 
currently employed in the automotive industry. Additionally, the prior art inductor cores 

20 permit a portion of the magnetic field to be lost to the environment, and it is thus 

unavailable for inducing voltage in the secondary coils. Consequently, a portion of the 
magnetic field strays from the inductor core and has the potential to induce undesired 
currents in objects other than the work piece. 

25 Summary of the Invention 

One embodiment of the present invention provides an inductive heating device 
having a power supply, an inductive coupling assembly, and an inductor core. The power 
supply includes a primary coil. The inductive coupling assembly includes an inductive 
coupling sleeve coupled to a first end of a cable assembly, where the inductive coupling 
30 sleeve has a secondary coil positioned therein. In this regard, the inductive coupling 
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assembly is configured to removably couple the cable assembly to the power supply in 
inductively coupling the inductor core between the primary coil and the secondary coil. 

In one aspect, the inductive heating device is provided with an inductively heated 
work head that is interchangeably connected to a second end of the cable assembly. 
5 The inductor core can be attached to the power supply and extend from the primary 

coil. In another aspect, the inductor core is attached to the coupling sleeve and extends 
from the secondary coil. 

In one aspect, the inductor core includes a first portion and a second portion. The 
first portion and the second portion of the inductor core are configured to be separably 
10 coupled to one another. In one aspect, the first portion of the inductor core is located at 
the power supply, and the second portion of the inductor core is located at the coupling 
sleeve within the secondary coil. 

In one aspect, the first portion and the second portion of the inductor core couple to 
form a cylindrically shaped inductor core. In another aspect, the first portion and the 
1 5 second portion of the inductor core couple to form a toroid shaped inductor core. 

The inductive heating device can also include a locking mechanism configured to 
couple the cable assembly to the power supply. In one aspect, the locking mechanism 
includes a first locking member connected to the power supply and a second locking 
member connected to the inductive coupling sleeve, such that coupling the first locking 
20 member to the second locking member forms a separable locking connection. 

In another aspect, the first locking member is formed as part of the housing of the 
power supply. 

In one preferred aspect, the locking mechanism is a twist and lock connector. 
Another embodiment of the present invention provides a method of inductively 
25 heating a target substrate. The method includes providing a power supply including a 
primary coil and a first portion of inductor core. The method additionally includes 
coupling a sleeve positioned at a first end of a cable assembly and including a secondary 
coil and a second portion of inductor core to the power supply such that the first and 
second portions of the inductor core inductively couple. The method further includes 
30 activating the power supply to inductively heat a work head attached to a second end of 
the cable assembly. 
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In one aspect, the step of coupling the sleeve positioned at the first end of the cable 
assembly to the power supply includes removably locking the first end of the cable 
assembly to the power supply. In another aspect, the step of coupling the sleeve to the 
power supply includes removably locking the first end of the cable assembly to the power 
5 supply by manipulating a twist and lock connector. 

In one aspect, the step of coupling the cable assembly to the power supply includes 
mating first and second portions of the inductor core to form a toroidal inductor core. 

In another embodiment of the present invention, an inductive heating device 
includes a power supply, a work head, and an inductive coupling assembly configured to 
10 removably couple the power supply to the work head, the inductive coupling assembly 

including a primary coil, a secondary coil, and an inductor core. In this regard, the power 
supply is electrically coupled to the primary coil, the secondary coil is electrically coupled 
to the work head, and the primary and secondary coils are configured to be magnetically 
coupled through the inductor core when the inductive coupling assembly is coupled. 
1 5 In one aspect, the inductor core is attached within and extends from the primary 

coil. 

In another aspect, the inductor core is attached within and extends from the 
secondary coil. 

In another aspect, the inductor core includes a first portion and a second portion, 
20 the first portion and the second portion configured to be separably mateable. In a 

preferred embodiment, the first portion and the second portion of the inductor core mate to 

form a toroid shaped inductor core. 

In yet another embodiment of the present invention, an inductive heating device 

includes a power supply including a primary coil, a cable assembly, and an inductor core. 
25 The cable assembly includes a first end coupled to a secondary coil and a second end 

coupled to a work head. Means for removably coupling the cable assembly to the power 

supply is provided such that the inductor core couples between the primary coil and the 

secondary coil. 
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Brief Description of the Drawings 

The accompanying drawings are included to provide a further understanding of the 
present invention and are incorporated in and constitute a part of this specification. The 
drawings illustrate the embodiments of the present invention and together with the 
description serve to explain the principles of the invention. Other embodiments of the 
present invention and many of the intended advantages of the present invention will be 
readily appreciated as they become better understood by reference to the following 
detailed description. The elements of the drawings are not necessarily to scale relative to 
each other. Like reference numerals designate corresponding similar parts. 

Figure 1 is a perspective view of an inductive heating device in accordance with 
one embodiment of the present invention. 

Figure 2 is a perspective view a heating device assembly according to one 
embodiment of the present invention. 

Figure 3 is a perspective view of a heating device assembly according to another 
embodiment of the present invention. 

Figure 4 is a perspective view of an inductive heating device having separably 
mateable inductor cores in accordance with one embodiment of the present invention. 

Figure 5 is a perspective view of a separably mateable inductor core in accordance 
with one embodiment of the present invention. 

Figure 6 is a perspective view of a separably mateable toroidal inductor core in 
accordance with one embodiment of the present invention. 

Figure 7 is a perspective view of an inductive coupling sleeve provided with a 
locking mechanism in accordance with one embodiment of the present invention. 

Figure 8 is a perspective view of an alternative inductive heating device in 
accordance with another embodiment of the present invention. 

Detailed Description 

An inductive heating device according to one embodiment of the present invention 
is generally illustrated at 20 in Figure 1. The inductive heating device 20 includes a power 
supply 22 and a cable assembly 24. The cable assembly 24 includes a first end 26 and a 
second end 28. An inductive coupling assembly 30 is coupled to the first end 26 of cable 
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assembly 24 and is configured to removeably couple the cable assembly 24 to the power 
supply 22. A primary coil 32 is positioned at, and electrically connected to, the power 
supply 22. The inductive coupling assembly 30 is configured to removeably couple the 
cable assembly 24 to the power supply 22 via an inductive coupling sleeve 34. To this 
end, the inductive coupling assembly 30 includes a secondary coil 36 positioned adjacent 
the first end 26 of the cable assembly 24 such that the primary coil 32 and the secondary 
coil 36 are aligned about an inductor core 38 when the inductive coupling assembly 30 is 
coupled to the power supply 22. During operation, a work head 40 is coupled to the 
second end 28 of the cable assembly 24 such that the work head is inductively heated via 
mutual inductance, as described below. 

The inductive heating device 20 delivers a non-contact supply of power to the 
heated work head 40, and thus to a target substrate of interest. In the exemplary 
embodiment shown in Figure 1, the power supply 22 provides an alternating current to the 
primary coil 32. The alternating current in the primary coil 32 creates a magnetic field in 
the inductor core 38 that induces a voltage in the secondary coil 36. As a result, the power 
supply 22 provides alternating current (A/C) to the primary coil 32 that induces a voltage 
in the secondary coil 36 such that power is delivered to the work head 40 in a non-contact 
electromagnetic manner. 

The power supply 22 is a high frequency power supply, preferably having an 
output frequency greater than 1 kilohertz. In one embodiment, the power supply 22 has an 
output frequency of between 10 kilohertz and 400 kilohertz and can supply more than 100 
amperes of alternating current at an AC line voltage level of 120 volts. However, other 
configurations of alternating current and voltage are possible. Upon reading and 
understanding this disclosure, those skilled in the electrical arts will recognize other 
suitable current and voltage configurations for power supply 22. 

The primary coil 32 and the secondary coil 36 comprise multiple wraps, or 
windings, of conductive wire. The number of windings of wire around the secondary coil 
36 in relation to the number of windings of wire around the primary coil 32 is known as a 
turns ratio. Mutual inductance induces a voltage in the secondary coil 36 that corresponds 
to the voltage the primary coil 32 by a proportion equal to the turns ratio. In particular, the 
voltage induced in the secondary coil is equal to the voltage in the primary coil multiplied 
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by the turns ratio. As a result, the desired voltage in the secondary coil can be controlled 
as a function of the voltage in the primary coil 32 and the turns ratio. Upon reading this 
disclosure, those skilled in the electrical arts will recognize suitable choices for the turns 
ratio that will result in the desired induced voltage and current in the secondary coil 36. 

An inductive heating device including an inductive coupling assembly 50 in 
accordance with one embodiment of the present invention is illustrated at 42 in Figure 2. 
The inductive coupling assembly 50 comprises a sleeve 54 encompassing the secondary 
coil 56 and is positioned at a first end 57 of cable assembly 58. The inductive coupling 
assembly 50 is configured to couple with the power supply 22 via a locking mechanism 
60. The primary coil 32 is positioned within the power supply 22 along with an inductor 
core 59 that associates with and extends from the primary coil 32. As illustrated in Figure 
2, the inductor core 59 also extends a distance beyond the power supply 22 such that the 
inductive coupling assembly 50 encompasses the inductor core 59 when the inductive 
coupling assembly 50 couples to the power supply 22. Consequently, the cable assembly 
58 (including the inductive coupling assembly 50) can be interchangeably connected to the 
power supply 22. In particular, the inductive coupling assembly 50 permits rapid and 
convenient exchange of the cable assembly 58 (and any work head 40 attached to the cable 
assembly 58) in optimizing the utility of the inductive heating device 42. Specifically, the 
inductive coupling assembly 50 in combination with the cable assembly 58 enables a rapid 
replacement of either a worn cable assembly 58, or replacement of both the cable 
assembly 58 and the work head 40. 

An inductive heating device according to another embodiment of the present 
invention is generally illustrated at 64 in Figure 3. The inductive heating device 64 
includes a power supply 22 and an interchangeable cable assembly 72. An inductive 
coupling assembly 70 is attached to a first end 73 of the interchangeable cable assembly 
72 and includes an inductive coupling sleeve 74 that extends beyond a secondary coil 76 
and surrounds an inductor core 78. In this way, the inductive coupling assembly 70 is 
configured to removeably couple the cable assembly 72 to the power supply 22. The 
inductor core 78 extends beyond the secondary coil 76 and is configured to engage with 
the primary coil 32 of the power supply 22 when the inductive coupling sleeve 74 is 
removably secured to the power supply 22 via a locking mechanism 80. Consequently, 
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the interchangeable cable assembly 72 can be rapidly and conveniently exchanged through 
the manipulation of the inductive coupling assembly 70. Figure 2 illustrates the inductor 
core 59 extending beyond the primary coil 32 from the power supply 22, whereas Figure 3 
illustrates the inductor core 78 extending beyond the secondary coil 76 of the inductive 
coupling assembly 70. In any regard, the cable assembly 58 or 72 is configured to be 
removably and inductively coupled with the power supply 22. One benefit of the 
embodiments illustrated in Figure 2 or Figure 3 is that the power connection is maintained 
at the power supply 22 such that the high voltage of the power supply is located away 
from the work heads 40. 

An inductive heating device provided with a separably mateable inductor core 
according one embodiment of the present invention is generally illustrated at 100 in Figure 
4. Inductive heating device 100 comprises a power supply 102 and a cable assembly 104 
having a first cable end 105. An inductive coupling assembly 106 is coupled to the first 
cable end 105 and is configured to removably secure the cable assembly 104 to the power 
supply 102. Additionally, when the inductive coupling assembly 106 couples to the power 
supply 102, a first portion 107 of a separable inductor core 108 is mated to, and 
inductively coupled with, a second portion 109 of the inductor core 108. A primary coil 
1 10 is positioned within the power supply 102 such that the first portion 107 of the 
inductor core 108 is positioned within the primary coil 1 10. The inductive coupling 
assembly 106 comprises a sleeve 1 12 projecting over and surrounding a secondary coil 
1 14 that is wound about the second portion 109 of the inductor core 108. Consequently, 
the inductive coupling assembly 106 comprises the secondary coil 1 14 and the second 
portion 109 of the inductor core 108 and is configured to couple to the power supply 102 
such that the first portion 107 and the second portion 109 of the separable inductor core 
108 inductively mate. Additionally, a locking element 1 18 is provided at a forward 
portion of the sleeve 1 12 to removably secure the inductive coupling assembly 106 (and, 
hence, the cable assembly 104) to the power supply 102. As a result, the cable assembly 
104 is separable from and easily interchanged with the power supply 102. Interchangeable 
cable assemblies 104 provide increased flexibility in the selection of work heads 40, and 
also permit the replacement of the cable assembly 104 (and the work head 40) in instances 
where the components become worn with use. Figure 4, therefore, illustrates one 
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preferred embodiment of separable and inductively mateable inductor core 108 portions 
107 and 109 that facilitate the exchange of cable assemblies 104 with the inductive heating 
device 100. 

The separable inductor core 108 increases the efficiency of mutual inductance and 
5 the flexibility of the inductive heating device 100 shown in Figure 4. The function of the 
separable inductor core 108 is better illustrated in Figure 5. Figure 5 illustrates the first 
portion 107 and the second portion 109 of the inductor core 108 just prior to being 
inductively mated. In particular, the first portion 107 includes a primary coil 110 having 
several windings about the exterior of the separable inductor core 108. Similarly, the 

10 second portion 109 includes the secondary coil 1 14 having multiple windings about an 
exterior portion thereof. In one exemplary embodiment, the first portion 107 of the 
separable inductor core 108 includes a female surface 122 configured to mate with a male 
surface 124 of the second portion 109 of separable inductor core 108. As the two 
separable portions 107 and 109 of the inductor core 108 are brought together to form a 

15 connection, the female surface 122 accepts and inductively couples with the male surface 
124 to form a continuous, but separable, inductor core 108. In one preferred embodiment, 
the separable inductor core 108 forms a cylinder as shown in Figure 5. Female surface 
122 and male surface 124 represent one suitable mating surface connection. Other 
suitable geometry for surfaces 122 and 124 include, but is not limited to, rectangular, 

20 trapezoidal, concave/convex, threaded, pin and slot or any mutually interactive geometric 
surfaces. Upon reading this disclosure, those skilled in the art of mutual inductance will 
readily recognize that other suitable mating surfaces could be employed to inductively 
mate the separable inductor core portions 107 and 109. 

Separable inductor core portions that couple to form a toroid are shown at 130 in 

25 Figure 6. The separable toroidal inductor core 130 includes a first portion 132 and a 

second portion 134. As illustrated in Figure 6, the first portion 132 and the second portion 
134 are shown just prior to being inductively coupled. The first portion 132 of inductor 
core 130 includes a primary coil 136 having several windings about an exterior surface 
thereof. Similarly, the second portion 134 of inductor core 130 includes a secondary coil 

30 138 including several windings about an exterior portion thereof. To facilitate the 

inductive coupling of the separable inductor core portions 132 and 134, a pair of suitable 
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mating interfaces is provided. For example, the first portion 132 of inductor core 130 is 
provided with a female surface 140 configured to accept and couple with a male surface 
142 of the second portion 134 of the inductor core 130. Similarly, a second female surface 
140' is configured to accept and couple with a second male surface 142'. Upon coupling, 
5 the female surfaces 140 and 140' accept the male surfaces 142 and 142' and the first and 
second portions 132 and 134 of the separably mateable inductor core 130 form a toroid 
(i.e., a doughnut), it is noted that other suitable geometry for surfaces 140 and 142, and 
140' and 142' include, but is not limited to, rectangular, trapezoidal, concave/convex, 
threaded, pin and slot or any mutually interactive geometric surfaces. Upon reading this 

10 disclosure, those skilled in the art of mutual inductance will readily recognize that other 
suitable mating surfaces could be employed to inductively mate the separable inductor 
core portions 132 and 134. 

As illustrated in Figure 6, the toroid defines a continuously closed surface (i.e., no 
beginning or end segment) capable of containing the magnetic field of the inductive 

15 heating device 100 (Figure 4). As a result, the toroidal inductor core 130 is capable of 
containing the magnetic field lines, and hence analogous to a complete electrical circuit, 
such that magnetic field lines are not lost to the surrounding environment. This is 
beneficial when the inductive heating device 100 employs high current and high voltage 
such that stray portions of the magnetic field could induce a secondary voltage in an 

20 adjacent electrically conductive object that is not the target substrate. Consequently, the 
toroidal inductor core 130 is both a more efficient mutual inductor and a more controlled 
inductive heating device 100. 

Inductive heating devices, for example the inductive heating device 100, relies 
upon ferromagnetic properties of an iron-based inductor core to efficiently raise or lower 

25 the alternating current voltages in the secondary coil, for example the secondary coils 1 14 
or 138. The ferromagnetic properties of inductor cores is well known to those skilled in 
the art of inductive heating devices. Suitable materials for the separable inductor cores, 
for example separable inductor cores 108 and 130, include iron alloys comprising metal 
oxides selected from the group consisting of ferric oxides, oxides of manganese, oxides of 

30 nickel, and oxides of zinc. 
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As described above, the inventive inductive heating devices of the various 
embodiments of the present invention provide easy and convenient exchange of both work 
head assemblies and/or cable assemblies. In furtherance of this useful and novel feature, a 
locking mechanism is provided that is configured to couple the cable assembly to the 
5 power supply, as better illustrated in Figure 7. The inductive coupling assembly 106 is 
provided with a sleeve 1 12 including a locking element 1 1 8. The locking element 1 1 8 is 
configured to couple the cable assembly 104 to the power supply 102 by interfacing and 
locking with a complimentary locking slot 150. The complimentary locking slot 150 
located at the power supply 102 includes at least one reception groove 152 suited for 

1 0 accepting the protruding locking element 118. Accordingly, the locking element 1 1 8 in 
combination with the complimentary locking slot 150 and the reception groove 152 
combine to form a locking mechanism 154. The locking mechanism 154 enables 
removably secure attachment of the cable assembly 104 to the power supply 102. 
Additionally, the locking mechanism 154 couples the cable assembly 104 (via the 

1 5 inductive coupling assembly 106) to the power supply 102 such that the first portion 107 
of the inductor core and the second portion 109 of the inductor core are inductively mated. 
Note that the locking mechanism 154 could be positioned at the second end (not shown) of 
the cable assembly 104 for attachment and removal of the work head (not shown). In one 
preferred embodiment, the locking mechanism 1 54 is a twist and lock connector. Other 

20 embodiments of locking mechanisms include, but are not limited to, spring loaded clamps, 
clips, latches, threaded sleeves that thread, or screw, into the power supply 102, or any of 
the various suitable means for securely coupling the cable assembly 104 to the power 
supply 102. 

The induction heating devices described above deliver energy in a non-contact 
25 manner to the interchangeable work head 40. The interchangeable work head 40 provides 
a heated surface that can be employed to rapidly heat a work piece. For example, 
interchangeable work head 40 can be employed to accelerate the curing of thermally 
responsive bonding materials positioned between automotive body panels. In this regard, 
the work head 40 can be configured to be a spot welder (a small area is heated), a pan cake 
30 heater (a large area is heated), a flexible and reshapeable cable (a non-linear area is 

heated), or any surface that is selected as a target substrate where rapid thermal heating is 
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desired. After reading and understanding this disclosure, those skilled in the art of 
induction heating devices will recognize that the work head 40 can be adapted to assume a 
variety of shapes and sizes, both conformable and rigid in style. 

The embodiments of the inductive heating device illustrated in Figures 1-7 
beneficially locate the high voltage and the high current of the heating device near the 
power supply unit (22 or 102). In an alternate embodiment, the cable assembly is rigidly 
attached to the power supply such that the high voltage and high current out of the power 
supply is coupled to the work head at a remote position, as illustrated generally at 160 in 
Figure 8. In Figure 8, a power supply 162 is provided having a cable assembly 164 rigidly 
connected at a first cable end 166. A second cable end 168 extends away from the power 
supply and is provided with an inductive coupling assembly 170 that is configured to 
removably and inductively couple the cable assembly 164 to an interchangeable work 
head 172 having a flexible shaft 174 including a secondary coil 176. In this manner, the 
interchangeable work head 172 comprises the flexible shaft 174 and the secondary coil 
176 and forms a replaceable assembly offering rapid work head 172 exchange. The 
inductive coupling assembly 170 includes a primary coil 178 positioned at the second 
cable end 168, an inductive coupling sleeve 180, and an inductor core 182. As illustrated 
in Figure 8, the inductive coupling assembly 170 is configured to removably and 
inductively couple the cable assembly 164 to the flexible shaft 174 of the interchangeable 
work head 172. Accordingly, the high voltage and the high current from the power supply 
162 is extended outwardly to the region where the inductive coupling assembly 170 and 
work head 172 are located. 

Figure 8 illustrates that the primary coil 178 is located at the second cable end 168, 
and the secondary coil 176 is positioned within the flexible shaft 174 associated with the 
interchangeable work head 172. In one embodiment, the inductor core 182 can be 
attached to the second cable end 168 and extend from the primary coil 178 in a fashion 
similar to the inductor core 59 extending beyond the primary coil 32 in Figure 2. 
Alternately, the inductor core 182 can be attached to the flexible shaft 174 and extend 
beyond the secondary coil 176 in a fashion similar the inductor core 78 extending beyond 
the secondary coil 76 in Figure 3. Additionally, the inductive coupling assembly 170 can 
be provided with separable inductor cores. When separable inductor cores are employed, 
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the inductor cores will comprise a first portion and a second portion, where the first 
portion and the second portion are separably mateable in a fashion similar to Figure 4. For 
example, in one embodiment the first portion of the inductor core can be located at the 
second end of the cable assembly within the primary coil and the second portion of the 
inductor core can be located at the interchangeable work head within the secondary coil. 
The first and second portions of the separable inductor core are mated as the inductive 
coupling assembly 170 is secured. In one preferred embodiment, the first portion of the 
separable inductor core and the second portion of the separable inductor core mate to form 
a toroid in a fashion similar to that represented in Figure 6. In another embodiment, a 
locking mechanism is provided to secure the cable assembly to the interchangeable work 
head. In a preferred embodiment, the locking mechanism is a twist and lock connector 
similar to the locking mechanism 154 shown in Figure 7. 

Numerous characteristics and advantages of the invention have been set forth in 
the foregoing description. It will be understood, of course, that this disclosure is only 
illustrative. Changes can be made in details, particularly in matters of shape, size and 
arrangement of parts without exceeding the scope of the invention. The invention scope is 
defined by the language in which the following claims are expressed. 
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